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The hemerythrin-type dinuclear title complex, [Ru 2 (CH 3 - 
COO) 2 O(C 10 H 8 N 2 ) 2 (C5H5N) 2 ](PF 6 ) 2 , consists of two Ru m 
ions with a six-coordinate octahedral geometry, bridged by an 
oxide and two acetate ligands, with a bidentate 2,2'-bipyridine 
ligand and a pyridine ligand bonding at terminal positions. The 
Ru— Ru distance and Ru— O— Ru angle are 3.2838 (3) A and 
121.79 (7)°, respectively, and the average Ru—N (pyridine) 
bond length is 2.164 (8) A. Several C-H- ■ F, C-H- ■ O and 
C— H- ■ -N interactions generate a three-dimensional network 
in the crystal structure, tt-tt stacking interactions [centroid- 
centroid distance = 3.6389 (3) A] between inversion-related 
2,2'-bipyridine rings are also observed. 

Related literature 

For related structures, see: Zhang et al. (2011); Sudha & 
Chakravarty (1996). For background to hemerythrin-type 
diruthenium(III) complexes, see: Abe et al. (2002); Dean 
(1985); Tembe & Ganeshpure (1999); Fukumoto et al. (1998); 
Inomata et al. (1999); Sasaki (1995); Sasaki et al. (1991); Valli 
et al. (1997). For the synthesis, see: Sasaki et al. (1991); Ido et 
al. (2013). 





Ru Ru 

H 3 C CH 3 



2+ 



2PF S 



Experimental 

Crystal data 

[Ru 2 (C 2 H 3 O 2 ) 2 O(C 10 H s N 2 ) 2 - 

(C 5 H 5 N) 2 ](PF 6 ) 2 
M r = 1096.74 
Monoclinic, Pl^/n 
a = 12.3330 (9) A 
b = 18.2182 (14) A 
c = 18.1490 (14) A 

Data collection 

Bruker APEXII CCD area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 
r mi „ = 0.865, r maI = 0.929 

Refinement 

R[F 2 > 2a(F 2 )] = 0.024 

wR(F 2 ) = 0.063 

S = 1.02 

8544 reflections 



Table 1 

Hydrogen-bond geometry (A, °). 



P = 97.253 (1)° 
V = 4045.2 (5) A 3 
Z = 4 

Mo Ka radiation 
IX = 0.93 mm -1 
T = 150 K 

0.16 x 0.14 x 0.08 mm 



21514 measured reflections 
8544 independent reflections 
7343 reflections with / > 2o(l) 
R iM = 0.039 



552 parameters 

H-atom parameters constrained 
A/w = 0.47 e A~ 3 
Ap mi „ = -0.69 e A~ 3 



D-H-A 


D—H 


H- ■ -A 


D- ■ A 


D-H-A 


C9-H9- ■ F2 


0.95 


2.53 


3.227 (3) 


130 


C10-H10- ■ F5 


0.95 


2.48 


3.362 (3) 


154 


C10-H10- ■ 04 


0.95 


2.59 


3.105 (3) 


115 


C12-H12- ■ F6' 


0.95 


2.42 


3.270 (3) 


149 


C15-H15-04 


0.95 


2.43 


2.904 (3) 


110 


C17-H17^- ■ -Fl" 


0.98 


2.34 


3.240 (3) 


153 


C18-H18---F12 


0.95 


2.37 


3.090 (3) 


132 


C18-H18- ■ 03 


0.95 


2.52 


3.096 (3) 


119 


C24-H24- ■ Ol"' 


0.95 


2.56 


3.405 (3) 


149 


C27-H27- ■ F5 


0.95 


2.32 


3.101 (3) 


139 


C28-H28- ■ 03 


0.95 


2.23 


2.855 (3) 


122 


C32-H32- ■ -N5 


0.95 


2.49 


3.080 (3) 


121 


C34-H34C- ■ F7 iv 


0.98 


2.52 


3.455 (3) 


160 


Symmetry codes: (i) x - 
-x + l,y + i,-z + l. 


hl,y,z; (ii) x- 


- a, -y + h z 


-1; (iii) -x + 1, 


-y, -z + 2; (iv) 



Data collection: APEX2 (Bruker, 2008); cell refinement: SAINT 
(Bruker, 2008); data reduction: SAINT and XPREP (Bruker, 2008) 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008) 
program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) 
molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); soft- 
ware used to prepare material for publication: XCIF (Bruker, 2008) 
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Di-//-acetato-A: 4 0:O f - ; a-oxido-A(: 2 0:O f -bis[cis-(2 r 2 f -bipyridine-/f 2 N,N f )- 
fra/7s-(pyridine-«:/V)ruthenium(lll)] bis(hexafluoridophosphate) 

Yohei Ido, Takashi Fujihara and Akira Nagasawa 

Comment 

Several hemerythrin type diruthenium(III) complexes have been studied. These complexes are characterized by the 
unique core which consists of two Ru m ions and a //-oxido ligand and two carboxylato ligands. For example, the Ru-Ru 
distance and Ru-O-Ru angle of the complex with pyridine at cis-to-oxido position, [Ru ln 2(CH3C02)20(C5H5N) 6 ](PF 6 )2 
(III), are 3.251 (2) A and 122.2 (5)°, respectively, (Sasaki et al. 1991). Although the substitution, redox and spectroscopic 
properties of the title complex have been reported, the structure in the solid state remains unexplored. We report here the 
determination of the structure of I. The molecule has a hemerythrin type diruthenium(III) core {Ru nl 2(CH 3 C0 2 )20} 2+ 
which consists of two Ru m ions in a six-coordinated octahedral geometry and terminal ligands (2,2'-bipyridine and 
pyridine). The Ru-Ru distance and the Ru-O-Ru angle are 3.2838 (3) A and 121.79 (7)°, respectively. The average of 
Ru-N bond lengths at the trans- and at the cw-sites to the bridging oxido are 2.1635 and 2.0292 A, respectively. The 
former is longer than the latter, and this could be interpreted as in order to the trans influence of the //-oxido, which is a 
stronger electron donating ligand than acetato oxygen atoms. The average Ru-N, ra „ s length is shorter than that of III 
(2.185 A), and longer than that of the complex with 1-methylimidazole instead of pyridine at the trans -to-oxido position, 
[Ru m 2(CH3CO2)2O(C 10 H 8 N2)2(C4H 6 N2)2](PF 6 )2 (IV) (2.125 A) (Sudha & Chakravarty, 1996). The former may be due to 
the steric effect of the ligands at the cis-to-oxido position: the molecular plane of the flat 2,2'-bipyridine in I is coplanar 
with the plane consisting of four cis-to-oxido positions ("cis plane"), and does not hinder the bonding of pyridine at the 
trans position, while two pyridine molecules at the cis-to-oxido position in II are almost perpendicular to the cis plane, 
and some steric interactions may be possible. The electronic effect is probable for the latter case: pyridine is weaker 
Lewis base (protonation constant exponent pAT a = 5.17; Dean, 1985) than 1-methylimidazole is (p^ a = 7.06; Dean, 1985), 
and Ru-N^Xpyridine) in I bond is weaker than Ru-N (rara (l- mem y nm idazole) in IV. In addition, steric interactions of 
vicinal protons of N, ra „ s with 2,2'-bipyridine on the cis plane are stronger with 2- and 6-protons on the six-membered ring 
of pyridine in I than with the 2- and 5-protons on the five-membered ring of 1-methylimidazole in IV, with the result that 
they gives more negative effect on bonding in I. On the other hand, though the average length of Ru-N £ri .,(2,2'-bipyridine) 
in I (2.0292 A) is similar to that in IV (2.030 A), these lengths are shorter than that of Ru-N,™(pyridine) in III (2.087 
A). This fact shows that Ru-N„, distance is influenced by the steric hindrance of ligands at the cis position rather than the 
electronic effect of ligands at the trans (pyridine and 1-methylimidazole) or cis (pyridine and 2,2'-bipyridine(pA! a = 4.35; 
Dean, 1985)) sites. In the crystal structure the cations and anions are linked by C-H— F, C-H - 0 and C-H— N hydrogen 
bond interactions. In addition, iz-iz stacking interactions between neighbouring 2,2'-bipyridine ligands are also observed 
with a shortest centroid-centroid distance of 3.6389 (3) A (Fig. 2; [Cg\-Cg2 (1 - x, -y, 2 - z) and Cg2-Cg\ (l-x,-y,2 
- z)] where Cg\ and Cg2 are the N4/C18-C21 and N5/C23-C27 rings, respectively). 
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Experimental 

The complex was synthesized previously (Sasaki et al. 1991), but we have prepared single crystals by another method. 
The complex with nitrile-KNs at the both trans-to-oxido sites, [Ru'^CHsCOz^OtCioHgNjMCjHalSOzKPFs^ (II) (10 mg, 
1.0 x 10 5 mol; Ido et al, 2013), was dissolved in CH 3 CN. Pyridine (82 mg, 1.0 x 10 3 mol) was dissolved in this 
solution and kept for 12 h at 333 K. The solution was dried under vacuum to obtain precipitates, which were then 
recrystallized from the solution in CH 3 CN by adding Et 2 0, and washed with Et 2 0. A blue crystalline product was 
obtained in 73% yield. By evaporating a concentrated solution in CD 3 CN, single crystals of I were obtained. 'H NMR (in 
CD 3 CN, 500 MHz, 300 K): S 8.66 {AH, pyridine), 8.54 {AH, 2,2'-bipyridine), 8.12 {AH, pyridine), 7.8 {%H, pyridine and 
2,2'-bipyridine), 7.24 {AH, 2,2'-bipyridine), 6.07 {AH, 2,2'-bipyridine), 2.09 {6H, CH 3 ). UV/Vis (CH 3 CN): i max /nm (e/M 1 
cm 1 ) = 599 (19600), 463 (4500), 340 (sh), 285 (43400), and 242 (28500). Elemental analysis: found (calculated): C 36.79 
(37.24), H 2.89 (2.94), N 7.55 (7.66)%. 

Refinement 

The H atoms were placed in calculated positions, with C — H = 0.95 A , and refined using a riding model, with Ui S0 {H) = 
LlUeq for aromatic H atoms or 1.5{/ eq for methyl ones. Solvent accessible voids of 37A" 3 are present in the lattice. 

Computing details 

Data collection: APEX2 (Broker, 2008); cell refinement: SAINT (Broker, 2008); data reduction: SAINT and XPREP 
(Broker, 2008); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: 
SHELXL97 (Sheldrick, 2008); molecular graphics: ORTEP-3 for Windows (Farrugia, 2012); software used to prepare 
material for publication: XCIF (Broker, 2008). 




Figure 1 

The molecular structure of the complex cation of (I). Displacement ellipsoids are drawn at the 50% probability level. 



Acta Cryst. (2013). E69, m145-m146 



sup-2 



supplementary materials 




Figure 2 

The complex cations are linked by n- it interactions between neighbouring 2,2'-bipyridine ligands with centroid-centroid 
distance of 3. 63 89 (3) A. 

Di-^-acetato-w 4 O:O'-^-oxido^O:O'-bis[c/s-(2,2'-bipyridine-i^N,N0-^/'ans-(pyridine-KN)ruthenium(lll)] 
bis(hexafluoridophosphate) 



Crystal data 

[Ru 2 (C 2 H3O 2 ) 2 O(C 10 H 8 N 2 ) 2 (C5H 5 N) 2 ](PF 6 ) 2 

M r = 1096.74 

Monoclinic, P2i/n 

Hall symbol: -P 2yn 

a = 12.3330(9) A 

6 = 18.2182 (14) A 

c= 18.1490 (14) A 

B = 97.253 (1)° 

V= 4045.2 (5) A 3 

Z=4 

Data collection 

Bruker APEXII CCD area-detector 

diffractometer 
Radiation source: Bruker TXS fine-focus 

rotating anode 
Bruker Helios multilayer confocal mirror 

monochromator 
Detector resolution: 8.333 pixels mm" 1 
<p and co scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2008) 



F(000) = 2176 

D x = 1.801 Mgm 3 

Mo Ka radiation, 1 = 0.71073 A 

Cell parameters from 9917 reflections 

(9 = 2.2-28.3° 

fi = 0.93 mnr 1 

T= 150K 

Block, violet 

0.16 x 0.14 x 0.08 mm 



T mm = 0.865, r max = 0.929 
21514 measured reflections 
8544 independent reflections 
7343 reflections with I > 2a(T) 
Rim = 0.039 

^max — 26.7°, ^min = 1-6° 



h = -15^-15 
k= -23^18 
/ = -22->19 
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Refinement 

Refinement on F 1 

Least-squares matrix: full 

R[F- > 2<t(F 2 )] = 0.024 

wR{F*) = 0.063 

S = 1.02 

8544 reflections 

552 parameters 

0 restraints 

Primary atom site location: structure-invariant 
direct methods 



Secondary atom site location: difference Fourier 
map 

Hydrogen site location: inferred from 

neighbouring sites 
H-atom parameters constrained 
w = 1/KiV) + (0.03087 3 ) 2 + 1.0615P] 

where P = (F a 2 + 2F 2 )/3 
(A/(7) max < 0.001 
Ap max = 0.47 e A" 3 
Ap min = -0.69 e A" 3 



Special details 

Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance 
matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; 
correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate 
(isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 

Refinement. Refinement of F 2 against ALL reflections. The weighted R- factor wR and goodness of fit S are based on F 2 , 
conventional R- factors R are based on F, with F set to zero for negative F 2 . The threshold expression of F 2 > 2sigma(F 2 ) is 
used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based 
on F 2 are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A 2 ) 





X 


y 


z 


^ ISO ' ^ eq 


CI 


0.84969 (17) 


0.16178(12) 


0.95696 (13) 


0.0266 (5) 


HI 


0.8420 


0.1450 


0.9070 


0.032* 


C2 


0.94008(18) 


0.14115(13) 


1.00407(14) 


0.0330 (5) 


H2 


0.9920 


0.1084 


0.9877 


0.040* 


C3 


0.95489 (19) 


0.16843 (14) 


1.07542(14) 


0.0352 (6) 


H3 


1.0192 


0.1569 


1.1079 


0.042* 


C4 


0.87585 (18) 


0.21250(13) 


1.09933 (13) 


0.0309 (5) 


H4 


0.8851 


0.2319 


1.1483 


0.037* 


C5 


0.78242 (17) 


0.22835 (11) 


1.05108 (11) 


0.0222 (4) 


C6 


0.68668 (17) 


0.26654(11) 


1.07217(11) 


0.0216(4) 


C7 


0.67667 (19) 


0.29137(12) 


1.14324(12) 


0.0284 (5) 


H7 


0.7364 


0.2870 


1.1815 


0.034* 


C8 


0.5805 (2) 


0.32224 (13) 


1.15816(13) 


0.0330 (5) 


H8 


0.5730 


0.3394 


1.2067 


0.040* 


C9 


0.49437 (19) 


0.32815 (12) 


1.10180(13) 


0.0310(5) 


H9 


0.4267 


0.3488 


1.1112 


0.037* 


C10 


0.50830(17) 


0.30350(11) 


1.03152 (12) 


0.0252 (4) 


H10 


0.4494 


0.3081 


0.9927 


0.030* 


Cll 


0.82524(19) 


0.35124 (13) 


0.89702 (12) 


0.0304 (5) 


Hll 


0.8655 


0.3069 


0.8964 


0.037* 


C12 


0.8776 (2) 


0.41694(14) 


0.88632 (14) 


0.0368 (6) 


H12 


0.9523 


0.4174 


0.8786 


0.044* 


C13 


0.8198 (2) 


0.48151 (14) 


0.88702 (14) 


0.0387 (6) 


H13 


0.8539 


0.5273 


0.8801 


0.046* 


C14 


0.7113 (2) 


0.47823 (13) 


0.89792 (14) 


0.0356 (6) 


H14 


0.6692 


0.5219 


0.8984 


0.043* 
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0.04 


/"J i 
1 


0.2255 (2) 


A AI OA A / 1 T\ 

U.U184V (13) 


O.ooooy (13) 


A AO c r /r\ 

0.0355 (o) 


T TO T 

H31 


A 1 C £LO 
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0.039* 
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U.3693 


0. /552 
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17 1 

r 1 
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U.192U6 (Id) 
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U.25U/U (8) 


1.U3 /26 (9) 


A AC AO //I \ 

U.U5U8 (4) 


rz 


A OCA/IT / 1 A\ 
0.231)4/ (14) 


A T /T/C/CC /A\ 

U. 36663 (9) 


1.U2528 (1U) 
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U.U532 (4) 


r3 


A AT m / 1 /I \ 

U.U /12 / (14) 


U. 34422 (11) 


1 AO TOT / 1 1 \ 

1.U232/ (11) 


U.U668 (5) 


17/1 

r4 


A AO A/1 O z' 1 /I \ 

U.U8U42 (14) 


A TiAAd /1 A\ 

U.262U9 (1U) 


A A*3A/:A ma\ 

U.93U69 (1U) 


A ACAA 
U.U599 (j) 


F5 


0.25968 (13) 


0.28531 (9) 


0.93345 (9) 


0.0491 (4) 


F6 


0.13802(14) 


0.37771 (9) 


0.91763 (10) 


0.0571 (5) 


F7 


1.08931 (11) 


-0.01718(9) 


0.81833 (8) 


0.0456 (4) 


F8 


1.01735 (13) 


0.09573 (8) 


0.82953 (9) 


0.0482 (4) 


F9 


0.96227 (14) 


0.00061 (9) 


0.89494 (8) 


0.0506 (4) 



Acta Cryst. (2013). E69, m145-m146 



sup-5 



supplementary materials 



17 1 A 

r 10 


a aoaai 
U.9/UU/ 


(13) 


A A/T1 1 C ZO\ 

0.063 1 j (o) 




0. /oooz [y) 


A AC AT {A \ 

O.OjO/ (4) 




T7 1 1 
t 1 1 


A AT£AA 
U.9/6UU 


(13) 


A A1 T AA /A\ 

0.03Z0y (y) 




A TT 1 CT SQ\ 

V./Z3D 1 (5) 


A neon { A \ 

O.Odz / (4) 




r Iz 


0.84S / I 


t 1 T\ 

(12) 


A A/I ATA /1 A\ 

0.04y fy (10) 




A OA 1T5 /I 1 \ 

0.801Z3 (11) 


A AA/1 1 ( Z.\ 

0.0641 \o) 




XT1 


U. / /I /o 


(13) 


A OA/1 O/l SC\\ 

0.Z04&4 [y) 




a mono tew 

O.y /&y($ (y) 


A ATAA ( A\ 

0.0Z06 (4) 




XTT 

JNz 


U.oU24z 


(14) 


A TTIOO /A\ 

0.z/3z& (y) 




1 A 1 jC A 1 /A\ 

1.01643 (y) 


A ATA1 /1\ 

0.0Z01 (3) 




xt^ 
JN3 


U. 1 Mil 


/1 A\ 

(14) 


A 1ym£ /1 A\ 

0.34/ lb (10) 




A A AOT A /A\ 

o.yo»z4 (y) 


A AT 1 C / A\ 

0.0Z33 (4) 




XT A 

JN4 


(J. 34143 


(13) 


A A1 1 1 O (Ci\ 

o.oniy (y) 




A O/l ATO SC\\ 

o.84y /5 (y) 


A AT Al (A \ 
0.0Z03 (4) 




XTC 


U.J /543 


(13) 


A ATO C 1 f(W 

o.o /oM (yj 




A OA 1 OA /A\ 

o.^yioy (y) 


A A1 AA / A\ 

0.0 iyy (4) 




XT A 


A lOOAO 

U.joyUz 


(14) 


A ATI OA /o\ 

0.0 /3&o (yj 




A /OA 

0. /z / jo (y) 


A ATT2 ( A \ 

O.OZjj (4) 




Ul 


A £ £H 1 1 


/I 1 \ 

(H) 


a 1 cm /T\ 

0.1 JZ // (/) 




A A 1 1 jC A /T\ 

O.yi3o4 ( /) 


A A 1 Cll /I \ 

0.0iy3 (3) 




Oz 


A "7A/1 Ofl 

U. /U4/9 


(13) 


O.ZZ / I / (©) 




A Ol 71 1 ZO\ 
O.Ql /ll (5) 


A ATAl 

0.0zy3 (3) 




03 


0.60385 


(12) 


A 1 ") TO /I ZO\ 

0.13784 (8) 




A T C T A A /0\ 

0.75799 (8) 


A ATT/^ {") \ 

0.0276 (3) 






0.50483 


(12) 


n 7QS97 fR*! 

U.Z70Z ' V^V 




0 8^09 1 (R\ 
u.oouzi ^o^ 


U.UZOU J 




05 


0.40569 


(12) 


0.21248 (8) 




0.79379 (8) 


0.0265 (3) 




PI 


0.16409 


(5) 


0.31467 (3) 




0.97767 (4) 


0.03196(14) 




P2 


0.96918 


(5) 


0.01609(4) 




0.80911 (3) 


0.03143 (14) 




Rul 


0.638351 (13) 


0.243804 (9) 




0.914219(9) 


0.01857 (5) 




Ru2 


0.486442 (13) 


0.114865 (9) 




0.827033 (9) 


0.01832 (5) 




Atomic displacement parameters (A 2 ) 






u 12 


U 33 




7-7-19 

U 12 




U 23 


CI 


0.0253 (11) 


0.0236 


(11) 0.0326 


12) 


-0.0008 (9) 


0.0112(9) 


0.0007 (9) 


C2 


0.0222(11) 


0.0290 


(12) 0.0493 


;i5) 


0.0039 (9) 


0.0107(10) 


0.0051 (11) 


C3 


0.0215(11) 


0.0385 


(14) 0.0443 


;i5) 


0.0011 (10) 


-0.0012 (10) 


0.0105(11) 


C4 


0.0286 (12) 


0.0362 


(13) 0.02681 


;i2) 


-0.0015 (10) 


-0.0004 (9) 


0.0054 (10) 


C5 


0.0252 (11) 


0.0198 


(10) 0.0217 


;io) 


-0.0035 (8) 


0.0033 (8) 


0.0017(8) 


C6 


0.0250(11) 


0.0186 


(10) 0.0211 ( 


10) 


-0.0027 (8) 


0.0025 (8) 


0.0008 (8) 


C7 


0.0354 (12) 


0.0278 


(12) 0.0216 


;n) 


-0.0011 (10) 


0.0024 (9) 


-0.0015 (9) 


C8 


0.0469 (14) 


0.0300 


(12) 0.0239 


;i2) 


0.0002(11) 


0.0116(10) 


-0.0057 (9) 


C9 


0.0316(12) 


0.0300 


(12) 0.0344 


;i3) 


0.0028 (10) 


0.0162(10) 


-0.0018 (10) 


CIO 


0.0224(11) 


0.0242 


(11) 0.0302 


12) 


-0.0008 (9) 


0.0074 (9) 


-0.0010(9) 


Cll 


0.0326 (12) 


0.0295 


(12) 0.0290 


;i2) 


-0.0022 (10) 


0.0030 (10) 


0.0010 (9) 


C12 


0.0334(13) 


0.0363 


(14) 0.0409 


;i4) 


-0.0092(11) 


0.0053 (11) 


0.0051 (11) 


C13 


0.0453 (15) 


0.0295 


(13) 0.0395 


'14) 


-0.0119(11) 


-0.0022(11) 


0.0058 (11) 


C14 


0.0414(14) 


0.0255 


(12) 0.0371 


;i4) 


-0.0018(10) 


-0.0061 (11) 


0.0020 (10) 


C15 


0.0293 (12) 


0.0262 


(11) 0.0327 


;i2) 


-0.0009 (10) 


-0.0005 (10) 


-0.0018(9) 


C16 


0.0272(11) 


0.02 19 


(10) 0.0194 


;io) 


0.0006 (9) 


0.0067 (8) 


0.0023 (8) 


C17 


0.0424 (14) 


0.0391 


(14) 0.0280 


;i2) 


-0.0109(11) 


0.0185 (11) 


-0.0038 (10) 


C18 


0.0264(11) 


0.0253 


(11) 0.0305 


12) 


-0.0015 (9) 


0.0099 (9) 


-0.0037 (9) 


C19 


0.0296 (12) 


0.0283 


(12) 0.0455 


;i4) 


0.0043 (10) 


0.0120(10) 


-0.0053 (10) 


C20 


0.0372 (13) 


0.0190 


(11) 0.0478 


;i5) 


0.0037 (10) 


0.0052 (11) 


0.0014 (10) 


C21 


0.0294 (12) 


0.0230 


(11) 0.0342 


12) 


-0.0030 (9) 


0.0037 (10) 


0.0038 (9) 


C22 


0.0225 (10) 


0.0205 


(10) 0.0193 


10) 


-0.0030 (8) 


0.0025 (8) 


-0.0002 (8) 


C23 


0.0231 (10) 


0.0215 


(10) 0.0178 


10) 


-0.0043 (8) 


0.0020 (8) 


-0.0004 (8) 


C24 


0.0298 (11) 


0.0264 


(11) 0.0242 


;n) 


-0.0077 (9) 


0.0067 (9) 


0.0019 (9) 


C25 


0.0293 (12) 


0.0382 


(13) 0.0320 


12) 


-0.0111 (10) 


0.0144(10) 


-0.0034 (10) 


C26 


0.0227(11) 


0.0355 


(13) 0.0407 


13) 


-0.0030 (10) 


0.0128 (10) 


-0.0070 (10) 


C27 


0.0240(11) 


0.0239 


(11) 0.0323 


12) 


0.0000 (9) 


0.0043 (9) 


-0.0021 (9) 


C28 


0.0336 (13) 


0.0390 


(13) 0.0255 


12) 


0.0023 (11) 


0.0061 (10) 


-0.0016(10) 
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JN j 
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0.0261 
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JN4 


A ATT) 

0.0222 


/OA 

(9) 


A A 1 TO /OA 

0.01 /9 (5) 
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0.0210 (9) 


A AA 1 C /TA 
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A AA/1 A /TA 

0.0040 (/) 


A OOAA /TA 
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N5 
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O OOOO /AA 
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0.0357 


(9) 
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0.0313 (8) 
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0.0233 (8) 
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-0.0110 (7) 


A A 1 O A /*7\ 

0.0130 (7) 


A AA/IA 

—0.0049 (6) 


<J3 


0.0336 


(8) 


A aoaa /o\ 

0.0309 (8) 


0.0204 (7) 


A A1 1 A {H\ 

—0.0114 (7) 


A A 1 1 O /£\ 

0.0113 (6) 


A AA") £1 f £\ 

—0.0036 (6) 


U4 


0.0316 


(8) 


A A^AT /T\ 
0.0203 (/) 


A AOAA ZO\ 

0.0299 (8) 


A AAAA 
0.0000 (6) 


A AA/1 o tn\ 

-0.0048 (/) 


A AAA1 { H\ 
0.0001 (6) 


05 


0.0320 


(8) 


0.0199 (8) 


0.0258 (8) 


0.0002 (6) 


-0.0034 (6) 


0.0007 (6) 


PI 


0.0310 


(3) 


0.0305 (3) 


0.0345 (3) 


0.0006 (3) 


0.0047 (3) 


-0.0005 (3) 


P2 


0.0289 


(3) 


0.0339 (3) 


0.0325 (3) 


-0.0013 (3) 


0.0077 (2) 


0.0024 (3) 


Rul 


0.02055 (9) 


0.01830(9) 


0.01732 (9) 


-0.00145 (6) 


0.00417 (6) 


-0.00025 (6) 


Ru2 


0.02204 (9) 


0.01740 (9) 


0.01607 (8) 


-0.00198 (6) 


0.00459 (6) 


0.00085 (6) 



Geometric parameters (A, ") 



CI— Nl 


1.340 (3) 


C24— C25 


1.375 (3) 


CI— C2 


1.369 (3) 


C24— H24 


0.9500 


CI— HI 


0.9500 


C25— C26 


1.381 (3) 


C2— C3 


1.377 (4) 


C25— H25 


0.9500 


C2— H2 


0.9500 


C26— C27 


1.370 (3) 


C3— C4 


1.375 (3) 


C26— H26 


0.9500 


C3— H3 


0.9500 


C27— N5 


1.342 (3) 


C4— C5 


1.387 (3) 


C27— H27 


0.9500 


C4— H4 


0.9500 


C28— N6 


1.347 (3) 


C5— Nl 


1.367 (3) 


C28— C29 


1.379 (3) 


C5— C6 


1.462 (3) 


C28— H28 


0.9500 


C6— N2 


1.361 (3) 


C29— C30 


1.384 (4) 


C6— C7 


1.387 (3) 


C29— H29 


0.9500 


C7— C8 


1.371 (3) 


C30— C31 


1.379 (4) 
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C7 — H7 


0.9500 


C8 — C9 


1 O O O /o \ 

1.382 (3) 


f ' o TTO 

C8 — H8 


0.9500 


C9 — CIO 


1 O OO /"I \ 

1.383 (3) 


C9 — H9 


0.9500 


CIO — N2 


1.344 (3) 


CIO — H10 


0.9500 


Cll — N3 


1 O O 1 /O \ 

1.337 (3) 


Cll — C12 


1.385 (3) 


Cll — Hll 


0.9500 


f • f -> /—I ■* n 

C12 — C13 


1.376 (4) 


f • 1 TT1 r\ 

C12 — H12 


0.9500 


C13 — C14 


1.379 (4) 


f • f ry T T 1 O 

C13 — Hl3 


0.9500 


C14 — C15 


1.375 (3) 


r * 1 A T T 1 A 

Cl4 — Hl4 


0.9500 


Cl5 — N3 


1.341 (3) 


Cl5 — Hl5 


0.9500 


Cl6 — 02 


1.250 (2) 


Cl6 — 03 


1.261 (2) 


C16 — C17 


1 A AC /O \ 

1.495 (3) 


Cl7 — H17A 


0.9800 


C17 — H17B 


A AO AA 

0.9800 


C17 — H17C 


0.9800 


f~* 1 O XT/I 

L18 — N4 


1 O /I A /O \ 

1.340 (3) 


Cl8 — Cl9 


1 TOO /O \ 

1.382 (3) 


/~1 1 O T T 1 O 

Cl8 — Hl8 


0.9500 


C19 — C20 


1.384 (3) 


C19 — H19 


A A C A A 

0.9500 


C20 — C2 l 


1 O "7 A /O \ 

1.379 (3) 


C20 — H20 


0.9500 


C2l— C22 


1.385 (3) 


C2l— H2l 


0.9500 


C22 — N4 


1.362 (3) 


C22 — C23 


1.463 (3) 


C23 — N5 


1.361 (3) 


C23 — C24 


1 O AO /O \ 

1.392 (3) 


Nl — CI — C2 


1 o o o /o \ 

122.2 (2) 


XT 1 1 TT 1 

Nl — CI — HI 


1 1 O A 

118.9 


C2 — CI — HI 


118.9 


CI — C2 — C3 


119.3 (2) 


CI — C2 — H2 


1 OA A 

120.4 


C3— C2— H2 


120.4 


C4— C3— C2 


119.5 (2) 


C4— C3— H3 


120.3 


C2— C3— H3 


120.3 


C3— C4— C5 


119.2 (2) 


C3— C4— H4 


120.4 



/~1 ■-} r\ T TO A 

C30 — H30 


0.9500 


C31 — C32 


1 ni /o \ 

1.371 (3) 


/~<0 1 T TO 1 

C31 — H31 


A A C A A 

0.9500 


C32 — N6 


1.345 (3) 


Z" 1 0 O T TO O 

C32 — H32 


0.9500 


C33 — 04 


1.255 (2) 


C33 — 05 


1 O/'O /o\ 

1.263 (2) 


C33 — C34 


1 A C\1 /O \ 

1.497 (3) 


/IO ii TTO ^1 A 

CJ4 — Hi 4 A 


A A OA A 

0.9800 


y~10 /I TTO ATI 

C34 — H34B 


A AO A A 

0.9800 


/""O A TTO /I 

C34 — H34C 


A AOAA 

0.9800 


Fl — PI 


1.5977 (16) 


b 2 — PI 


1 C AC £L / 1 ZT\ 

1.5956 (16) 


F3 — PI 


1 C OO A / 1 ON 

1.5889 (18) 


F4 — PI 


1.5771 (16) 


F5 — PI 


1.5997 (16) 


F6 — PI 


1.5878 (16) 


F7 — P2 


1 C O AO / 1 C\ 

1.5898 (15) 


F8 — P2 


1.5936 (16) 


F9 — P2 


1.5961 (16) 


T7 1 A TIO 

b 10 — rz 


1 C A AO /1 jC\ 

1.5908 (16) 


n 1 t»o 

Fll — P2 


1 C AO 1 / 1 /'N 

1.5921 (16) 


F12 — P2 


1.5972 (17) 


Nl — Rul 


O AOCO /1 "7 \ 

2.0258 (17) 


XTO D . . 1 

N2 — Rul 


O AO O 1 / 1 H\ 

2.0331 (17) 


N3 — Rul 


2.1559 (17) 


N4 — Ru2 


O AO 1 /1 

2.0316 (17) 


N5 — Ru2 


O AO/"0 /1 "7 \ 

2.0262 (17) 


N6 — Ru2 


2.1710 (17) 


01 — Rul 


1 0^/""0 /1 o\ 

1.8762 (13) 


01— Ru2 


1.8822 (13) 


02 — Rul 


2.0546 (15) 


03— Ru2 


2.0737 (14) 


04 — Rul 


O A/""1 A /1 A\ 

2.0614 (14) 


05 — Ru2 


2.0897 (14) 


Rul — Ru2 


o oooo /o\ 

3.2838 (3) 


N6 — C32 — C31 


1 O O £. i r \\ 

123.6 (2) 


\T/- /~10O TTOO 

N6 — C32 — H32 


118.2 


/t) i /~iOO TTOO 

C3 1 — C32 — H32 


118.2 


04 — C33 — 05 


125.66 (19) 


04 — C33 — C34 


116.05 (18) 


05— C33— C34 


118.29 (18) 


C33— C34— H34A 


109.5 


C33— C34— H34B 


109.5 


H34A— C34— H34B 


109.5 


C33— C34— H34C 


109.5 


H34A— C34— H34C 


109.5 
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f> r p A T ~T A 

C5 — C4 — H4 


120.4 


XT 1 /"I c f ' A 

Nl — C5 — C4 


120.7 (2) 


XT 1 P £■ p f 

Nl — C5 — Co 


11/1 /" A / 1 "7 \ 

114.60 (17) 


C4 — C5 — Co 


124.0 (2) 


N2 — Co — C7 


120.8 (2) 


N2 — Co — C5 


11/1 /IT /1 0\ 

1 14.47 (18) 


C7 — Co — C5 


124.62 (19) 


C8 — C7 — Co 


119.9 (2) 


Co — C7 — H7 


1 OA 1 

120.1 


Co — C7 — H7 


120.1 


/—in i-in /— ■ /"\ 

C7 — C8 — C9 


119.3 (2) 


PT P O TTO 

C7 — C8 — H8 


120.4 


C9 — C8 — H8 


120.4 


C8 — C9 — CIO 


lion /^v\ 

118.9 (2) 


/— i o /-iA 

C8 — C9 — H9 


120.5 


CIO — C9 — H9 


120.5 


N2 — CIO — C9 


1 ^ ^ 1 { r \\ 

122.1 (2) 


\Ti A TT1 a 

N2 — CIO — H10 


1 1 O f\ 

118.9 


/- N 1 /A T T 1 /^ 

C9 — CIO — HIO 


118.9 


X T "> /—I -1 1 /—I 1 '-i 

N3 — Cll — Cl2 


\22.1 (2) 


XTO pi 1 TT1 1 

JN3 — Cll — Hll 


1 1 O H 

118.7 


Cl2 — Cll — Hll 


118.7 


C13 — C12 — Cll 


119.1 (2) 


P 1 •-> /—I 1 ^\ TTl ^ 

C13 — C12 — H12 


120.4 


P 1 1 P 1 r\ TTl ^ 

Cll — C12 — H12 


1 ^ n /i 

120.4 


C12 — C13 — C14 


118.5 (2) 


i~ 1 1 O /~1 1 O TTl 1 

C12 — C13 — H13 


120.7 


f ' i a f ■* \ -) T T 1 O 

C14 — C13 — H13 


120.7 


PIC /-(i a p 1 o 

C15 — C14 — C13 


119.2 (2) 


y— ' 1 C /—I 1/1 T T 1 /I 

Cl5 — Cl4 — Hl4 


120.4 


p 1 O /" 1 T T 1 /I 

C13 — C14 — H14 


120.4 


XTO /"I 1 C P 1 A 

N3 — C15 — C14 


122.9 (2) 


XTO P 1 c TT1 C 

N3 — Cl5 — H15 


1 1 O C 

118.5 


i~ 1 1 H /~1 1 f T T 1 C 

Cl4 — Cl5 — Hl5 


118.5 


02 — Clo — 03 


125.82 (19) 


/-\ ~\ p i / p 1 n 

02 — Clo — Cl7 


11/" CO / 1 f»\ 

116.58 (19) 


03 — Clo — C17 


1 1 "7 /"A / 1 A\ 

117.60 (19) 


y— i 1 /" /—I 1 n T T 1 n A 

Clo — Cl7 — H17A 


109.5 


f ' i /— i in T T 1 TTl 

Clo — C17 — H17B 


109.5 


T T 1 n A l~ 1 1 n T T 1 nT\ 

H17A — Cl7 — H17B 


109.5 


f • i /—i -in tti n /- i 

Clo — C17 — H17C 


109.5 


tti n J p in tti n f i 

H17A — C17 — H17C 


109.5 


T T 1 TT» f 1 n T T 1 n /— 1 

H17B — Cl7 — H17C 


109.5 


N4— CI 8— Cl9 


122.1 (2) 


N4— CI 8— HI 8 


119.0 


Cl9— Cl8— Hl8 


119.0 


CI 8— CI 9— C20 


118.9(2) 


Cl8— Cl9— Hl9 


120.5 


C20— CI 9— HI 9 


120.6 



H34B — L34 — HJ4L 


1 AA C 

109.5 


/"< i XT 1 PC 

CI — Nl — C5 


1 1 O OT / 1 0\ 

118.87 (18) 


CI — Nl — Rul 


126.35 (15) 


P C XT 1 T) , , 1 

C5 — Nl — Rul 


114.73 (13) 


P1A XT1 P/T 

C1U — Nz — Co 


1 1 O A"0 / 1 OA 

118.92 (18) 


P1A XT1 F) , . 1 

C10 — N2 — Rul 


1 Af AO /1 /1\ 

125.98 (14) 


C6 — N2 — Rul 


11/1 oz: /1^\ 

114.86 (13) 


P 1 1 XT') P 1 C 

Cll — N3 — C15 


i n /"i / 1 a\ 

117.61 (19) 


p 1 1 XT1 D , , 1 

C 1 1 — N 3 — Ku 1 


lzl.z4 (15) 


P 1 C XTT T) , , 1 

CI 5 — N3 — Rul 


1TAOO / 1 c\ 

120.82 (15) 


C 1 8 — N 4 — C22 


i in ic /i o\ 

119.15 (18) 


/^in XT/I T>.,^> 

C18 — N4 — Ru2 


1 O A HH / 1 C\ 

124.77 (15) 


C2z — JN 4 — Ruz 


1 1 /; AC /1*5A 

116. U5 (13) 


C27 — N5 — C23 


110 Tl /I n\ 

118.73 (18) 


/-in \Tf t-» 

C27 — N5 — Ru2 


1 ^ C A A / 1 C \ 

125.00 (15) 


PT? XTC n . . ^> 

C23 — JN 5 — Kuz 


1 1 / 1A/10\ 

116.19 (13) 


C3z — No — Czo 


1 1 £ O /I / 1 AA 

116.S4 (19) 


C 3 z — N 6 — Ruz 


122.50 (15) 


pAO XT/^ T> >~\ 

C28 — N6 — Ru2 


1 AA AO /1C\ 

120.48 (15) 


Rul — Ol — Ru2 


1 ai HC\ SH\ 

121.79 (7) 


C 1 0 — Oz — Ru 1 


in /IO /1/|\ 

132.40 (14) 


C16 — 03 — Ru2 


111 f\H i 1 1 \ 

131.07 (13) 


POO f~\ A Ti 1 

C33 — 04 — Rul 


132.87 (14) 


POO PC T">, , 

C33 — U5 — Ruz 


ioa n /io\ 

130.27 (13) 


WA D1 HT/^ 


OA ^£ /I (\\ 

yU.36 (1U) 


A T-» 1 T^O 

F4 — PI — F3 


A1 n /i i\ 

91.27 (11) 


/" t~i 1 TO 

F6 — PI — F3 


AA OA / 1 A\ 

90.89 (10) 


F4 — r 1 — rz 


1 TO A A ( 1 1 \ 

1 /5.9(J (11) 


r6 — Pi — rz 


A A O A f 1 A\ 

90.34 (1U) 


T7T m n 

F3 — PI — F2 


OA C "7 / 1 A\ 

89.57 (10) 


F4 — PI — F 1 


OA /HO /A\ 

89.63 (9) 


F6 — PI — Fl 


1 no az: / 1 1 \ 

178.96 (11) 


F3 — PI — Fl 


A A 1 C / 1 A\ 

90.15 (10) 


F2 — PI — F 1 


OA ££ /A\ 

89.66 (9) 


F4 — PI — F5 


OA A A / 1 A\ 

89.94 (10) 


T7z^ Til T7C 

F6 — PI — F5 


OA H £ /1 A\ 

89.76 (10) 


F3 — PI — FD 


1 /5.0Z (11) 


TTO T11 TIC 

F2 — PI — F5 


OA "O 1 /A\ 

89.21 (9) 


T7 1 Tl 1 T7C 

F 1 — Pi — F5 


OA 1 A /A\ 

89.19 (9) 


T7T m T7 1 A 

F 7 — P2 — F 1 0 


AA AC / A\ 

90.05 (9) 


T7T m T7 1 1 

F 7 — P2 — F 1 1 


A A CO (C\\ 

90.53 (9) 


T7 1 A m T7 1 1 

F 1 0 — P2 — F 1 1 


AA O A 1 C\\ 

90.34 (9) 


"C7 m TTO 

F 7 — P2 — F 8 


A A A O {C\\ 

90.43 (9) 


T7 1 A TiO T70 

F 1 U — rz — F 5 


nn c A / 1 A\ 

1 /9.50 (1U) 


Fll— P2— F8 


89.78 (9) 


F7— P2— F9 


89.64 (9) 


F10— P2— F9 


89.99 (9) 


Fll— P2— F9 


179.63 (10) 


F8— P2— F9 


89.90 (9) 
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PH p o A pin 

C2 1 — C2U — C 1 9 


1 1 A C ZO\ 

119.5 (2) 


T7T m T7 1 O 

r7 — r2 — r 12 


1 TA AO { \ A\ 

179. U8 (1U) 


C2 1 — C2U — H2U 


1 OA O 

120.3 


T7 1 A TIO T? 1 O 

b 1U — r2 — r 12 


A A O 1 / 1 A\ 

90.31 (10) 


p i A POA T TO A 

C19 — C2U — HzU 


1 O A O 

120.3 


T? 1 1 DO T7 1 O 

r 11 — P2 — r 12 


A A O 1 / 1 A\ 

90.31 (10) 


p ~) r\ pti POO 

C2U — C2 1 — C22 


119.3 (2) 


TTO TIO T7 1 O 

b 8 — r2 — r 12 


OA OA / 1 A\ 

89.20 (10) 


LzU — C21 — H21 


1 OA /I 

12U.4 


T7 A F>0 T? 1 O 

r9 — r2 — r 12 


OA CO / 1 A\ 

89.52 (10) 


poo pii ttoi 

C22 — Czl — Hzl 


1 OA /I 

12U.4 


Ol — Rul — N 1 


AO OO { £\ 

92,23 (6) 


XT/1 POT ni 

N4 — C22 — Czl 


1 O 1 1 O / 1 A\ 

121.12 (19) 


P. 1 Tl . . 1 XTO 

Ol — Rul — N2 


A A HA i £\ 

94.74 (6) 


\T/| p -> -> POO 

N4 — Czz — C23 


11/1 O/l / 1 T\ 

114.24 (17) 


XT 1 D . . 1 XTO 

N 1 — Kill — N2 


TA CA /T\ 

79.50 (7) 


p ~\ i POO POO 

Cz 1 — Czz — Cz 3 


1 O /I /o\ 

124.6 (2) 


P. 1 Tl . . 1 PiO 

Ul — Kill — CJ2 


AC TO f £L\ 

95.78 (6) 


\Tf POO PO ,1 

N5 — C23 — C24 


1 O 1 AT / 1 A\ 

121.07 (19) 


X T 1 T> 1 /^O 

Nl — Rul — 02 


A") T/" /T\ 

93.76 (7) 


\Tf poo 

N5 — C23 — Czz 


11/1 O A /1 0\ 

114.34 (18) 


XTO T> 1 PO 

N2 — Kill — <J2 


1 £H TO 

167.72 (6) 


PO/1 POO POO 

C24 — C23 — C22 


1 O /I C A / 1 A\ 

124.59 (19) 


Ol — Rul — 04 


A /I /I /I //^\ 

94.44 (6) 


POC PO/1 POO 

C25 — C24 — Czi 


1 1 A /I ZO\ 

119.4 (2) 


XT 1 D . . 1 p. A 

Nl — Kill — <J4 


1 TA A 1 /ZT\ 

170.41 (6) 


POC po A TTO/1 

C25 — C24 — H24 


1 OA 1 

120.3 


xto r> . . i p /i 
N2 — Kill — (J4 


AO AT 

93.07 (6) 


POO PO/1 TTO/1 

C23 — C24 — H24 


120.3 


02 — Rul — 04 


AO /I 1 /'/^\ 

92.41 (6) 


PO/1 POC PO/' 

C24 — C25 — C26 


1 1 O A /ON 

118.9 (2) 


/~\ 1 Tl 1 XT') 

Ol — Rul — N3 


■ —j / TO //"\ 

176.78 (6) 


/"'O/i nc t to c 
C24 — Czj — Hz j 


1 OA C 

12U.O 


XT1 T3,.1 XT1 

JN 1 — Rul — JN 3 


OA 1 jC /T\ 

89.16 (/) 


PO/" POC TTOC 

C26 — C25 — H25 


1 O A f 

120.6 


XTO T> 1 XTO 

N2 — Rul — N3 


OO OT /T\ 

88.37 (7) 


POT POZT POC 

C27 — C26 — C25 


1 1 A T /ON 

119.7 (2) 


/~iO r> 1 XTO 

02 — Rul — N3 


O 1 O O //"\ 

81.23 (6) 


POT P O /' TTOzT 

C27 — C26 — Hzo 


1 OA O 

12U.2 


p /i r> . . i xto 

04 — Rul — N3 


OA CO 

84.53 (6) 


POC poz: T TO £1 

C25 — Czo — Hzo 


1 OA O 

12U.2 


P1 D . . O XTC 

Ol — Ru2 — N5 


OT £LO 

87.68 (6) 


\Tf POT PO/" 

N5 — C27 — C26 


1 oo o /o\ 

122.2 (2) 


/— \ -1 T> O XT /I 

Ol — Ru2 — N4 


AO CA //"\ 

92.50 (6) 


\Tf POT TTOT 

N5 — C27 — H27 


118.9 


XTC Ti O XT/1 

N5 — Ru2 — ^N4 


TA AA /T\ 

79.09 (7) 


C ' ~\ / p ^7 TTOT 

Czo — C27 — H27 


1 1 O A 

118.9 


P 1 D . . O PO 

Ol — Ru2 — 03 


AC A A f£\ 

95.44 (6) 


xtz: POO POA 

N 6 — Cz 8 — C29 


1 OO A ZO\ 

122.9 (2) 


XTC T>,,0 PjO 

JN5 — Ru2 — 03 


1 to c z: /z:\ 

172.56 (6) 


XTzl POO TTOO 

No — C28 — Hz 8 


118.6 


XT/1 r> . . -"> PiO 

N4 — Ku2 — (J j 


A A A A /T\ 

94.00 (7) 


POA POO TTOO 

C29 — C28 — H28 


118.6 


Ol — Ru2 — 05 


A/" OA //'A 

96.39 (6) 


POO POA POA 

C28 — C29 — C3(J 


1 1 A O ZO\ 

119.2 (2) 


XTC D . . O PjC 

N5 — Ru2 — 05 


96.52 (6) 


pio /r>n TJOO 

Czo — C29 — Hz9 


1 OA /I 

lz0.4 


XT-1 T3,.0 PiC 

JN4 — Ru2 — 05 


1 o/i 
169.94 (6) 


POA POA TTOA 

C30 — C29 — H29 


120.4 


/^O Tl O / \ C 

03 — Ru2 — 05 


OA O C /Pi 

89.85 (6) 


C31— C30— C29 


118.4 (2) 


01— Ru2— N6 


178.03 (6) 


C31— C30— H30 


120.8 


N5— Ru2— N6 


91.55 (7) 


/ ' O O PTA TJO A 

C29 — C3U — H3U 


1 OA O 

12U.8 


XT/1 T) , , O XT/C 

JN4 — Kll2 — JNo 


OA 1 O 1 £~\ 

89.12 (6) 


POO POI POA 

C32 — C3 1 — C30 


1 1 A A /ON 

119.0 (2) 


/^O r> \T/' 

03 — Ru2 — N6 


85.54 (6) 


POO PO 1 TTT 1 

C32 — C31 — H31 


1 OA C 

120.5 


pc ti,.o \T/: 

05 — Ru2 — N6 


O 1 AA S£\ 

81.90 (6) 


pin rt-)i TTT 1 

C30 — C31 — H31 


1 OA C 

120.5 






XT1 P1 PO PO 

Nl — CI — Cz — C3 


0 C /O \ 

-3.5 (3) 


T">,,0 Pi1 Fl . . 1 XTO 

Ku2 — (J 1 — Ru 1 — N 2 


1/11 /I O /A\ 

141.42 (9) 


P1 PO PO P A 

C 1 — C2 — C3 — C4 


O ^ / /I \ 

3.6 (4) 


r>,,o pi ri . , i po 

Ku2 — (J 1 — Ru 1 — <J2 


A A AO /A\ 

-44.92 (9) 


po po t~* a pc 

C2 — C3 — C4 — C5 


A O //1\ 

0.3 (4) 


T»,,0 P1 r> . . 1 P A 

Ru2 — 0 1 — Rul — 04 


47.96 (9) 


PO P A PC XT1 

C j — C4 — C5 — N 1 


A C ZO\ 

-4.5 (3) 


pi xti ri . , i pi 

CI — N 1 — Rul — Ol 


TjC /I A / 1 T\ 

76.40 (17) 


PO P A PC P /_ 

C3 — C4 — C5 — Co 


1 TO A ZO\ 

172.0 (2) 


pc xti n,,i pi 

C5 — N 1 — Rul — Ol 


1 AzU OT / 1 /I 

-106.27 (14 


XT 1 PC Pz^ \T1 

IN 1 — C5 — C6 — N2 


A £ /O \ 

-0.6 (3) 


pi XT1 n,.i XTO 

LI — JN 1 — Rul — JN2 


1TA OO /10\ 

170.82 (18) 


f~* a pc p/c xto 
C4 — CD — Co — Nz 


1 TT O /0\ 
— 1 / /.2 (2) 


PC XT 1 T),,1 XTO 

C5 — JN 1 — Rul — JNz 


11 O £ i 1 A\ 

— 11.86 (14) 


Nl— C5— C6— C7 


176.1 (2) 
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Symmetry codes: (i)x+l,y, z; (ii)x+l/2, 


-y+l/2, z-1/2; (iii) -x+l, -y, 


-z+2; (iv) -x+3/2, y+l/2, -z+3/2. 
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